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This paper focuses on the nature of dynamic adjustment in monthly consumer demands for beef, pork, and chicken. Estimates with monthly data can differ from those with longer data periods. This is because habit formation relative to inventory adjustment decreases as the time interval decreases (Sexauer). With short time periods such as a month, inventory demand tends to dominate demand for use. If inventory demand is more elastic in the short run, the total elasticity of demand can increase as the time interval is shortened. As shown by Pasour and Schrimper, the relative importance of inventory demand with respect to the length of the adjustment period is an empirical question, and its importance can vary from commodity to commodity. This paper presents estimates of monthly consumer demands for meats and examines the role of inventories and habits on the estimated short-run demand elasticities.
The State Adjustment Model and Consumer Demand for Meats
The basic model used in this study is the Houthakker-Taylor (HT) state adjustment model. Past behavior is embodied in a state variable, encompassing both stocks held by consumers and habits formed by past consumption. The model has two equations: a short-run demand function and a stock depreciation equation.
A logical specification of the HT model for the ith meat commodity is where i = b, p, c (beef, pork, chicken); Xi is per capita demand for the ith meat commodity at t ; Siis Michael K. Wohlgenant is an assistant professor of economics at North Carolina State University. William F. Hahn is a graduate student in the Department of Agricultural Economics, University of California, Davis.
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If the inventory effect predominates, the coefficient, p,, should be negative. That is, the larger the physical stock, the smaller will be the consumer's demand at t . Conversely, if habits predominate, the larger the (psychological) stock of habits and the greater will be the demand at time t .
With very short time periods (e.g., monthly), almost any commodity can be considered a durable which provides a stream of services over time. A major reason households hold stocks is the high opportunity cost of the consumer's shopping time (Sexauer, p. 131) . Households also may hold inventories for speculative reasons (Pasour and Schrimper) . For example, with a price special on pork, consumers might find it advantageous to purchase more pork now and store for later consumption.
The state variable in equation (1) is unobservable, but can be eliminated with equation (2). Since these two equations are formulated in continuous time, it is necessary to approximate them by discrete time for estimation. Following Houthakker and Taylor (chap. 1) or Phlips (chap. 6), the estimating equation for each meat commodity has the form (4) Xit = Aio + AilMbt + Ai~Pbt-1+ AiSMpt + Aid'pt-I + AiJf'ct + AiGPct-1 + Ai7AMt
where Vi,is a random disturbance term.
The reduced-form coefficients in (3) are restricted since the structural parameter, 6,, is overidentified. A unique estimate of Si is obtained if the following restrictions hold:
The short-run derivatives of per capita demand with respect to prices and income are given by the yij3sand yim in ( 1 ) . The long-run derivatives are obtained by setting each Si in ( 2 )equal to zero and substituting the results into ( 1 ) to yield
For ai # pi, the long-run demand derivatives are the price and income coefficients. If habit persistence dominates, the long-run elasticities will be larger than the short-run elasticities. Conversely, if inventory behavior is dominant, the short-run elasticities will be larger.
Empirical Analysis of Demand for Meats
The demand equations were estimated with monthly data over the period January 1965 through June 1979. Eleven monthly intercept dummy variables were included in each regression equation to account for seasonal shifts in demand. Data on quantities and retail prices of beef and pork were obtained from the Livestock and Meat Situation, while data for chicken came from the Poultry and Egg S i t u a t i~n .~ Monthly data for disposable personal income are not available, so monthly personal income data from Business Statistics were used with a proportionality factor to estimate values for disposable personal income for months in between the published quarterly values.3 Quantities and income were in per capita terms, while prices and per capita income were deflated by the consumer price index.
Estimation Procedure
The main problem in estimating the HT model is serial correlation. If disturbance terms are included in the structural equations ( 1 ) and ( 2 ) , then the disturbance in the estimating equation ( 4 ) will be autocorrelated. This will generate inconsistent as well as inefficient estimates since a lagged depenWith monthly data, these magnitudes are not strictly long-run elasticities. With quarterly and annual data we might expect to observe larger elasticities because more time is permitted for households to respond to a given price or income change.
The per capita quantity values were based on carcass, rather than retail, weight. The proportionality factor for converting from carcass to retail weight was relatively constant over the sample period considered. 3 The proportionality factor used in the conversion was the ratio of disposable personal income to personal income for that quarter.
A m r r . J . A y r . Econ. dent variable appears in the specification. Application of Durbin's asymptotic test to the residuals of the unrestricted models indicated there was serial correlation in the beef and pork equations but none in the chicken equatiom4 Autocorrelation and partial autocorrelation functions of the residuals of the beef and pork equations were calculated to identify tentatively the order of the autoregressive process of the residual^.^ Since these sample correlations are inconsistent when a lagged dependent variable appears in the specification, each model was first fitted by the instrumental variable technique suggested by . A close study of these correlation functions indicated that either a second-or third-order process would closely approximate the disturbance process of each model. Therefore, each model was first fitted with correction for third-order serial correlation, and the significance of p, was tested. In each case, the parameter, p,, was insignificant. Thus, each model was fitted assuming the disturbance process was where U , is independently and identically distributed with zero mean and constant variance.
Each model in (3) is nonlinear in the parameters and was estimated with Hartley's modified Gauss-Newton method. The beef and pork models also were estimated subject to the error process in (8) and the parameter restrictions in ( 5 ) .Since there was no indication of serial correlation in the chicken equation, it was estimated assuming V , to be distributed as U,.
Since a single-equation approach was used here, some simultaneity questions might arise. However, because meat supplies vary more than demand for meats, the demand equations can be estimated with single-equation methods without serious simultaneity problems. In addition, Heien, testing for the exogeneity of retail meat prices using the causality test of Sims, found that the data are generally consistent with this spe~ification.~
Discussion o f the Econometric Results
Estimates of the unrestricted and restricted models for the three meat commodities are reported in table 1.
For chicken meat, the unrestricted results indi-
The Durbin-H statistic could not be calculated because it entailed taking the square root of a negative number.
It is entirely possible that the true model could be a moving average or mixed ARMA (autoregressive-moving average) prccess. However, it is frequently the case in applications that such processes can be approximated well by a low order autoregressive process (e.g., Gallant and Goebel) . To simplify the estimation procedure, this is the approach taken in this paper.
AS Heien (p. 15) points out, considerable controversy surrounds Sim's causality test. Also, broiler results indicate independence rather than one-way causality between retail and wholesale prices. Nevertheless, the beef and pork results are consistent with the specification employed here-causality running from the wholesale to the retail level. cate that the estimated stock depreciation param-test statistic is based on a minus twice the logarithm eter, 6, is outside the range required for stability (161 of the likelihood ratio, which follows the chi-< 2). Houthakker and Taylor (chap. 2) encountered squared distribution with degrees of freedom equal this situation, and showed that when 116 = 0, the to the number of independent restrictions tested. It estimating equation reduces to a discrete version of is computed as ( n )1 n(e2/2), where n is the number the continuous time-flow adjustment model. Fol-of observations (171 for beef, pork; 173 for chicklowing Houthakker and Taylor (chap. 2), the dis-en), 2 is the estimated disturbance variance crete version of this model can be written as under the null hypothesis, and k2is the estimated disturbance variance under the alternative hypothesis. The computed values for beef, pork, and chicken are 13.97, 6.22, and 1.73, respectively. For beef and pork this statistic has 3 degrees of freedom, and where q is the coefficient of adjustment parameter for chicken it has 4 degrees of freedom. The critical (q> 01,Pb, = f (Pbt+ Pbt-l), etc. This specification value for beef and pork at the 5% significance level is identical to equation (3) when the restrictions in is 7.81, while the critical value for chicken is 9.49. (5) hold and Ac,/Ac, = f . In this case, however, yij's Thus, we believe that the pork and chicken data are are long-run rather than short-run price and income consistent with the hypothesized demand specificaslopes. Estimates of equation (9) for chicken are in tions. However, the test statistic for beef is larger the last two columns of table 1.
than the critical value, causing us to doubt that the Unrestricted and restricted estimates of each state adjustment model is adequate. model are reported in table 1. For each commodity, Structural estimates of the state adjustment the restricted model is tested against the unre-model for beef and pork, and the flow adjustment stricted with the likelihood ratio test (Gallant) . This model for chicken are presented in Note: The structural parameter estimates for beef and pork correspond to the state adjustment model in equations (1) and (2), while the structural parameter estimates for chicken correspond to the flow adjustment model in equation (9). Standard errors of the parameter estimates (the values inparentheses) were calculated from formulas for the asymptotic variance for a function of random variables (e.g., Goldberger, p. 124).
and pork, the depreciation coefficient, 6, suggests detailed analysis is required before any firm conclustability. Both own-price parameters are negative, sions can be drawn about monthly purchase behavand both income parameters are positive. The re-ior for beef. sults indicate that beef and pork are substitutes.
A popular model in dynamic analysis of conHowever, the relationship between chicken and the sumer demand is Nerlove's partial adjustment other two commodities is less clear.
model. For the ith meat commodity, this model is For both commodities the monthly stock adjustment coefficient, p, is negative, indicating that inventory behavior predominates. For pork, the stock coefficient estimate is highly significant, indicating that inventory adjustment is an important where q is the partial adjustment parameter. Obshort-run feature of consumer behavior.
serve that this specification is the same as equation The stock adjustment coefficient estimate for (3) when the restrictions in (5) hold and Ai7 = Ai8. beef, although negative, is insignificant. Since the This model is, therefore, appropriate if 6 = 2 state adjustment model was statistically rejected as (Houthakker and Taylor, chap. 2 ) . The calculated well, we doubt the adequacy of this specification for t-values for beef and pork under the null hypothesis beef. One reason this model might be too restrictive (Ho: 6 = 2 ) are -14.61 and -7.44, respectively. is that the consumption data also include lower Thus, in each case, we decisively reject the partial quality, manufacturing beef, an important commod-adjustment model in favor of the state adjustment ity in fast food chains. Since beef demand in fast model. food outlets is likely quite different from choice beef demand for home consumption, it is not surprising that the state adjustment is too restrictive ' We have not tested for the partial adjustment model in chicken for all beef purchased, and the inventory effect is since the flow adjustment model already constrains the parameter found to be less important for beef than pork. More as 116 = 0. 
Implications
Price and income elasticities are presented in table 3. For beef and pork, where inventory behavior predominates, the short-run price and income elasticities are larger in absolute value than their longrun values. The response to either a change in price or income is more elastic in the short run than the long run because households can vary their stocks as well as their consumption. With pork, the ownprice elasticities indicate that demand is relatively price elastic in the short run but relatively inelastic when enough time has elapsed for full adjustment to occur. The results indicate more short-run price responsiveness for pork, but about the same for beef a s in past studies using monthly data (Myers and Havlicek) . For chicken, we find that demand is more elastic in the long run than in the short run. The long-run income elasticity of demand is larger than expected. However the standard error of the income variable is quite large, table 2.
These results have implications for short-run retail price behavior. Many believe that retail prices remain relatively stable in the short run because of retail pricing policies (e.g., Heien). However, the beef and pork results indicate that household inventory adjustment may be important. The predominance of inventory behavior means that demand is more price elastic within a given month than over a longer period. Thus, we should observe less shortrun price variability for a given change in supply because demand is relatively more elastic.
In summary, this analysis emphasizes the role of time on measured demand elasticities of meats. For pork, the results indicate inventory adjustment dominates consumption habits, implying demand is more elastic when monthly data are used. The results for chicken are consistent with the flow adjustment model, suggesting the predominance of consum~tion habits and less demand res~onsive-ness i n t h e short run. Although the beef-demand estimates indicate inventory adjustment predominates, this effect is not significant, and the state adjustment model seems too restrictive. Perhaps niore refined data and modeling techniques can give additional insight into monthly demand for this commodity. 
